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(54) Method for forming a porous SiOCH layer. 

(57) A porous organosilica glass (OSG) film con- 
sists of a single phase of a material represented by the 
fomiula SlyO^CxHyF^, where v+w+x+y+z = 100%, v Is 
from 1 0 to 35 atomic%, w is from 1 0 to 65 atomic%, x Is 
from 5 to 30 atomic%, y is from 1 0 to 50 atomic% and z 
is from 0 to 15 atomlc%, wherein the film has pores and 
a dielectric constant less than 2.6. The film is provided 
by a chemical vapor deposition method in which a pre- 
liminary film is deposited from organosilane and/or or- 



ganosiloxane precursors and pore-fonning agents (po- 
rogens), which can be independent of, or bonded to, the 
precursors. The porogens are subsequently removed to 
provide the porous film. Compositions, such as l<its, for 
forming the films include porogens and precursors. Po- 
rogenated precursors are also useful for providing the 
film. 
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EP 1 354 980 A1 

Description 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims priority from provisional U.S. Patent Application No. 60«73,104 filed 1 7 April 2002 
and IS a continuation-in-part of U.S. Patent Application No. 10/150.798 filed 17 May 2002. tiie entire disclosures of 
which are incorporated by reference herein. 

BACKGROUND OF THE INVEIMTION 

[0002] The present invention is directed to the field of low dielectric constant materials produced by CVD methods 

as insulating layers in electronic devices. 

[0003] The electronics industry utilizes dielectric materials as Insulating layers between circuits and components of 
integrated circuits (IC) and associated electronic devices. Line dimensions are being reduced in order to increase the 
speed and memory storage capability of microelectronic devices (e.g.. computer chips). As the line dimensions de- 
crease, the insulating requirements for the interlayer dielectric (ILD) become much more rigorous. Shrinldng the spacing 
requires a lower dielectric constant to minimize the RC time constant, where R is the resistance of the conductive line 
and 0 IS the capacitance of the insulating dielectric interiayer. C Is inversely proportional to spacing and proportional 
to the dielectric constant (k) of the interlayer dielectric (ILD). Conventional silica (SiOg) CVD dielectric films produced 
from S1H4 orTEOS (Si(OCH2CH3)4. tetraethylorthosiiicate) and Og have a dielectric constant k greater than 4 0 There 
are several ways in which industry has attempted to produce silica-based CVD films with lower dielectric constants 
the most successful being the doping of the insulating silteon oxide film with organic groups providing dielectric con- 
stants in the range of 2.7-3.5. This organosilica glass is typically deposited as a dense film (density - 1 .5 g/cm3) from 
an organosillcon precursor, such as a methylsilane or siloxane, and an oxidant, such as Og or NgO. Organosilica glass 
will be herein be referred to as OSG. As dielectric constant or "k" values drop below 2.7 with higher devfce densities 
and smaller dimensions, the industry has exhausted most of the suitable low k compositions for dense films and has 
turned to various porous materials for improved insulating properties. 

[0004] The patents and applications whkjh are known in the field of porous ILD by CVD methods field include- EP 1 
1 1 9 035 A2 and U.S. Patent No. 6,1 71 ,945, which describe a process of depositing an OSG film from organosilicon 
precursors with labile groups in the presence of an oxidant such as NgO and optionally a peroxide, with subsequent 
removal of the labile group with a thennai anneal to provide porous OSG; U.S. Patents Nos. 6.054 206 and 6 238 751 
which teach the removal of essentially all organic groups from deposited OSG with an oxidizing anneal to obtain porous 
inorganic SiOg; EP 1 037 275, which describes the deposition of an hydrogenated silicon carbide film which is trans- 
fonned into porous inorganic SiOj by a subsequent treatment with an oxidizing plasma; and U.S. Patent No 6 312 793 
B1 , WO 00/24050, and a literature article Grill. A. Patel. V. Appl. Phys. Lett. (2001). 79(6). pp. 803-805. whk5h alltwch 
the co-deposition of a film from an organosillcon precursor and an organic compound, and subsequent themial anneal 
to provide a multiphase OSG/organic film in which a portion of the poVmerized organic component is retained In these 
latter references the ultimate final compositions of the films indicate residual porogen and a high hydrocarbon film 
content (80-90 atomic%). It is preferable that the final film retain the SiOa-IIke networic. with substitution of a portion of 
w oxygen atoms for organic groups. 

[0005] All references disclosed herein are incorporated by reference herein in their entireties. 

BRIEF SUMMARY OF THE INVENTION 
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[0006] The present invention provides a porous organosilica glass film consisting of a single phase of a material 
represented by the fomiula SvO^C^HyF,. where v+w+x+y+z = 100%. v is from 10 to 35 atomic%, w is from 10 to 65 
atomic%. X IS from 5 to 30 atomic%, y is from 10 to 50 atomic% and 2 is from 0 to 15 atomfc%. wherein the film has 
pores and a dielectric constant less than 2.6. 

[0007] The present Invention further provides a chemical vapor deposition method for producing the porous orga- 
nosilica glass film of the lnventk>n. comprising: (a) providing a substrate within a vacuum chamber; (b) introducing into 
the vacuum chamber gaseous reagents including at least one precursor selected from the group consisting of an 
organosilane and an organosiioxane, and a porogen distinct from the at least one precursor; (0) applying energy to 
the gaseous reagents in the vacuum chamber to Induce reaction of the gaseous reagents to deposit a preliminary film 
on the substrate, wherein the preliminary film contains the porogen, and the preliminary film is deposited without added 
oxidants; and (d) removing from the preliminary film substantially all of the porogen to provide the porous film with 
pores and a dielectric constant less than 2.6. 

[0008] Still further provided is a chemteal vapor deposition method for producing the porous organosiiRa glass film 
of the invention, comprising: (a) providing a substrate within a vacuum chamber; (b) introducing into the vacuum cham- 
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ber gaseous reagents including at least one precursor selected fronn the group consisting of a organosilane and an 
organosiloxane, wherein the at least one precursor contains at least one porogen bonded thereto; (c) applying energy 
to the gaseous reagents in the vacuunn channber to Induce reaction of the gaseous reagents to deposit a preliminary 
film on the substrate, wherein the preliminary film contains the at least one porogen and a first quantity of methyl groups 

5 bonded to silicon atoms; and (d) removing from the preliminary film at least a portion of the at least one porogen to 
. provide the porous film with pores and a dielectric constant less than 2.6, wherein the porous film contains a second 
quantity of methyl groups bonded to silicon atoms, and the second quantity is more than 50% of the first quantity. 
[0009] Also provided are novel porogenated precursors for producing porous organosilica glass films, including po- 
rogenated 1,3,5,7-tetramethylcyclo-tetrasiloxanes, such as neohexyl-1,3,5,7-tetramethylcyclo-tetrasiloxane and tri- 

10 methylsilylethyl-1 ,3,5,7-tetramethylcyclo-tetrasiloxane, 

[0010] Still further provided are novel compositions containing porogens and precursors (porogenated and/or non- 
porogenated) for producing the films of the Invention. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

15 

[001 1 ] FIG. 1 shows infrared spectra of a film of the present invention using thennally labile group admixed therewith 
before and after a post anneal indicating the elimination of the thennally labile group. 

[0012] FIG. 2 Is an Infrared spectrum of the film of the present Invention identifying the peaks of the components of 

the film. 

20 [0013] FIG. 3 Is an infrared spectrum of ATP, a thennally labile group useful as a pore fonning additive In the present 

invention. 

[0014] FIG. 4 is a thermogravimetric analysis of the film of the present invention during anneal indicating weight loss 
resulting from the loss of thennally labile group from the film. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[0015] Organosilicates are candidates for low k materials, but without the addition of porogens to add porosity to 
these materials, their inherent dielectrk: constant is limited to as low as 2.7. The addition of porosity, where the void 
space has an inherent dielectric constant of 1 .0, reduces the overall dielectric constant of the film, generally at the cost 

30 of mechanical properties. Materials properties depend upon the chemical composition and structure of the film. Since 
the type of organosllicon precursor has a strong effect upon the film structure and composition, it is benefrcial to use 
precursors that provide the required film properties to ensure that the addition of the needed amount of porosity to 
reach the desired dielectric constant does not produce films that are mechanrcally unsound. Thus, the invention pro- 
vides the means to generate porous OSG films that have a desirable balance of electrk^l and mechanical properties. 

3s Other film properties often track with electrical or mechanical properties. 

[0016] Preferred embodimehts of the invention provide a thin film material having a low dielectric constant and im- 
proved mechanical properties, themnai stability, and chemtoai resistance (to oxygen, aqueous oxidizing environments, 
etc.) relative to other porous organosiltea glass materials. This is the result of the Incorporation into the film of cari3on 
(preferably predominantly in the fomri of organic carbon, -CHx, where x is 1 to 3, more preferably the majority of C is 

40 in the form of -CH3) whereby specific precursor or networi^-fomning chemicals are used to deposit films in an environ- 
ment free of oxidants (other than the optional additive/carrier ^as CO2, to the extent it Is deemed to function as an 
oxidant). It is also preferred that most of the hydrogen in the film Is bonded to cartoon. 

[0017] Thus, preferred embodiments of the invention comprise: (a) about 10 to about 35 atomic%, more preferably 
about 20 to about 30% silicon; (b) about 10 to about 65 atomic%, more preferably about 20 to about 45 atomk:% 

45 oxygen; (c) about 1 0 to about 50 atomic%, more preferably about 15 to about 40 atomic% hydrogen; (d) about 5 to 
about 30 atomic%, more preferably about 5 to about 20 atomic% carbon. Films may also contain about 0.1 to abput 
15 atomic%, more preferably about 0.5 to about 7.0 atomic% fluorine, to improve one or more of materials properties. 
Lesser portions of other elements may also be present in certain films of the invention. OSG materials are considered 
to be low k materials as their dielectric constant is less than that of the standard material traditionally used In the 

so industry - silica glass. The materials of the invention can be provided by adding pore-forming species or porogens to 
the deposition procedure, incorporating the porogens into the as-deposited (i.e., preliminary) OSG film and removing 
substantially all of the porogens from the preliminary film while substantially retaining the terminal Si-CHg groups of 
the preliminary film to provide the product film. The product film is porous OSG and has a dielectric constant reduced 
from that of the preliminary film as well as from an analogous film deposited without porogens. It Is Important to dls- 

S5 tinguish the film of the present invention as porous OSG, as opposed to a porous Inorganic SI02> which lacks the 
hydrophoblcity provided by the organic groups in OSG. 

[0018] Silica produced by PE-CVD TEOS has an inherent free volume pore size determined by positron annihilation 
lifetime spectroscopy (PALS) analysis to be aboutO.6 nm in equivalent spherk^ai diameter. The pore size of the Inventive 
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5 ml or less than 1 .25 g/ml. PreferabS flC Jn^ntton ^ ^ °' «'^«"'««>^'ely. less than 1 .5 g, 

Sg?aLTarr^:rt;^^^^^^^ 'J"- embodiments, the. . a 

to precursor during deposftion PO™sitles. Such films can be provided by, e.g., adjusting the ratio of porogen 

porogens. more preferably at least O sti Prl^iraSinrt^n f ^"^^ 

of the invention is substantially identical to a rX^^ct t^°""f '"^f '"'^^^d (ITIR) spectrum of a porous film 

identical to the method except'^a Si Sany ^^en ' ' 

relat^ to common 0S3 materials, 
a hardness or modulus measured by nanoindenta fonrfelni^or^S^^^^^ ^l^'^ ""^ "'^'"^ P°~9«") 

an analogous OSG film at the same dielectric (Sonstenf ^ ' '"^^^"^'^ ^^"^ 

- St to'reVaVSSasTtcM: dTeSt °^ " ^° '^^''"^^ ^ ^ ■^''^ ^^-ce of added 

0^. N,0. ozone hydrog';^ fxii trNO E o ""T""" ' '""'"'^ °'''<*^e "^Sanic groups (e.g 

oftheprecur^orinLtrS^tZcLI^^^^^^^^ 
properties, such as reduced dielectroDnsta^^^^^^^ 

intemietal dielectric layer. The films can fomi a c^;n±. xL ^" '"'^"^y^' ^'^lectric layer and/or an 

makethemparticularly'suitabterus^ n^r^^^^^^ 

[00271 The films are compatible with cher^te^ml^!nl? f ""^^^"^"'^^ 
capable of adhering to a vaJety';: ml^^ rat^i ^ s ^"'^ - 

silicon carbide, silicon nitride, hydroqenated silicon nltrirtl c^i',-^^' J? *' ' °' hydrogenated 
ronitride, antireflective coatings pZ^Ss or^^^^^^^ carbonitnde, hydrogenated silicon carbonitrlde. bo- 

as copper and aluminum. anTdlSstn SLZe^ s^^^^^^^^^ ^Tr "^^"^ 
orW(C)N. The films are preferably JLpabeTad^^^^^^^ 

:r:rib7~^^^^^^^^ 

an integrated circuit. ndnzaiion or etch stop layer, a barner layer or an adhesion layer in 

Sedtre^rarmrTsT^^^^^^ P-^'-ts of the invention are large^ 

capable of being depos J ^ crsuc^ as oaros t^^^^ °' P«>vided in any ?oZ 

not necessarily planar or thin'and a muimSe oSS^T n^^^^^^^ ''"^ ""j^'^ 

substrate is a semiconductor ^ necessanly used in integrated circuits. Preferably, the 

iTmle^rtSSlgr^^^^^ 

t0031] It is Within the 800^ the fnvttfon f^T^^^^^^ compos Uons useful for preparing the producte. 
and porogen. That is, the Lctur^Ir^ rg p^uZand ""^ structure.fom.er 

c^r^sTot-STgrss^ 

so.^Pore.a^.e.«ispo^LtruLrhl7™^^^^^^^^^ 
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molecule forms the base OSG structure and the bulky alkyi substituent neohexyl is the pore fomiing species which is 
removed during the anneal process. Having the porogen attached to a SI species that will network Into the OSG structure 
may be advantageous in achieving a higher efficiency of incorporation of porogen Into the film during the deposition 
process. Furthemnore, It may also be advantageous to have two porogens attached to one SI In the precursor, such 

5 as in di-neohexyl-diethoxysilane, or two Si's attached to one porogen, such as in 1 ,4-bis(diethoxysilyl)cylcohexane, 
since the most likely bond to break in a plasma during the deposition process is the Sl-Porogen bond. In this manner, 
reaction of one Si-Porogen bond in the plasma will still result In incorporation of the porogen in the deposited film. 
Additional non-limiting examples of prefen^ed porogenated precursors include 1 -neohexyl-1 ,3,5,7-tetramethylcyclotet- 
rasiloxane, 1-neopentyl-1 ,3,5,7-tetramethylcyclotetrasiloxane, neopentyldiethoxysilane, neohexyldiethoxysilane, neo- 

10 hexyltriethoxysilane, neopentyltriethoxysilane and neopentyl-di-t-butoxysilane. 

[0032] In certain embodiments of the materials In which a single or multiple porogen Is attached to a silicon, it may 
be advantageous to design the porogen in such as way that when the film is cured to fonm the pores, a part of the 
porogen remains attached to the silicon to impart hydrophobicity to the film. The porogen in a precursor containing Si- 
Porogen may be chosen such that decomposition or curing leaves attached to the Si a terminal chemical group from 

IS the porogen, such as a -CH3. For example, if the porogen neopentyl is chosen, it is expected that thermal annealing 
under the proper conditions would cause bond breakage at the C-C bonds beta to the Si, that is the bond between the 
secondary carbon adjacent to Si and the quaternary carbon of the t-butyl group will themnodynamically be the most 
favorable bond to break. Under proper conditions this would leave a terminal -CH3 group to satisfy the SI, as well as 
provide hydrophobicity and a low dielectric constant to the film. Examples of precusors are neopentyl triethoxysllane, 

20 neopentyl diethoxy sllane, and neopentyl diethoxymethylsilane. 

[0033] The porogen in the deposited film may or may not be In the same fonn as the porogen introduced to the 
reaction chamber. As well, the porogen removal process may liberate the porogen or fragments thereof from the film. 
In essence, the porogen reagent (or porogen substituent attached to the precursor), the porogen In the preliminary 
film, and the porogen being removed may or may not be the same species, although it is preferable that they all originate 

25 from the porogen reagent (or porogen substituent). Regardless of whether or not the porogen is unchanged throughout 
the inventive process, the temn "porogen" as used herein is intended to encompass pore-fomning reagents (or pore- 
forming substituents) and derivatives thereof, in whatever fonns they are found throughout the entire process of the 
invention. 

[0034] Other aspects of this invention are novel organosilanes and organosiloxanes. Novel porogen-containing (i. 

30 e., porogenated) materials synthesized for use as low dielectric constant precursors, such as neohexyl TMCTS and 
trimethylsilylethyl TI^CTS, may also have potential applications in other areas. The novel organosilanes of this invention 
are easily prepared by hyd rosily lation reactions of the olefin precursor with either TMCTS or diethoxymethylsilane. For 
example, dropwise addition of either diethoxymethylsilane or TMCTS to a molar equivalent of distilled 3,3-dimethyl- 
butene in the presence of chloroplatlnic acid catalyst affords the neohexyl-substituted silanes neohexyl diethoxymeth- 

35 ylsilane and neohexyl tetramethylcyclotetrasiloxane in high yields. 

[0035] Although the phrase "gaseous reagents" is sometimes used herein to describe the reagents, the phrase Is 
intended to encompass reagents delivered directly as a gas to the reactor, delivered as a vaporized liquid, a sublimed 
solid and/or transported by an inert carrier gas Into the reactor. 

[0036] In addition, the reagents can be carried Into the reactor separately from distinct sources or as a mixture. The 

^0 reagents can be delivered to the reactor system by any number of means, preferably using a pressurizable stainless 
steel vessel fitted with the proper valves and fittings to allow the delivery of liquid to the process reactor. 
[0037] In certain embodiments, mixtures of different organosilanes and/or organosiloxanes are used in combination. 
It is also within the scope of the invention to use combinations of multiple different porogens, and organosilanes and/ 
or organosiloxanes in combination with organosllane and/or organosiloxane species with attached porogens. Such 

45 embodiments facilitate adjusting the ratio of pores to SI in the final product, and /or enhance one or more critical 
properties of the base OSG structure. For example, a deposition utilizing diethoxymethylsilane (OEMS) and porogen 
might use an additional organosilicon such as tetraethoxysilane (TEOS) to improve the film mechanical strength. A 
similar example may be the use of OEMS added to the reaction using the organosilicon neohexyl-diethoxymethylsilane, 
where the neohexyl group bound to the precursor functions as the porogen. A further example would be the addition 

so of di-tert-butoxy-dlacetoxysilane to the reaction using di-tert-butoxymethylsilane and porogen . In certain embodiments, 
a mixture of a first organosilicon precursor with two or fewer Sl-O bonds with a second organosilicon precursor with 
three or more Si-O bonds, is provided to tailor a chemical composition of the inventive film. 
[0038] In addition- to the structure fomiing species and the pore-forming species, additional materials can be charged 
Into the vacuum chamber prior to, during and/or after the deposition reaction. Such materials include, e.g., inert gas 

55 (e.g., He, Ar, N2, Kr, Xe. etc., which may be employed as a carrier gas for lesser volatile precursors and/or which can 
promote the curing of the as-deposited materials and provide a more stable final film) and reactive substances, such 
as gaseous or liquid organic substances, NH3, H2, CO2, or CO. CO2 is the preferred carrier gas. 
[0039] Energy is applied to the gaseous reagents to induce the gases to react and to form the film on the substrate. 
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characteristics at the substrate surf^L preS^^b^^ '"""^ "'^ '° ""^^^ P'^^^ 

It is particular^ preferred to gene/^a cSSliluZ r^ ^ 

preferabV from 0.02 to 7 watts/c^ ^^^^^"^^ ^T'"*^ °' ' ' "^'^"^ « 

It may be advantageous to enploy a ca4rTi which 7^" """" ^ ^""^^ ^'^^ °' 

perature in the plasma which in turn w^uS less t Ient«^^^^ ^ '^^'c.'""" '"^'^ *° ^« 

this type of low ionfeation gas InclurcorNt^ co Ar Xe """""^ ^^^"^ °^ 

STiooi'sXTrgr^Sor^^ 

structure-fbrmerand porl-formerTn th*1S The aSS^^^^^ '° '"^''^ '^^'^^"^ °' 

c»2"'^ion.andareinnowayli..edtoJr:^^^^^^ 

00« t''"'^ ^ °' «t least 50 niln 

[0042] ^'^^P-sure.nthevacuu.cha.berduringdeposiaon.preferabvt'l'toeootorr^^ 

S^Zre^J^bltn^rd'ep'^^^^^^^^ ? - -ried 

Of less than 2% over 1 standard 7.7= :::ZTl"'rj^"^''J'' ^''^''^"^ ""'fo-^rty. with a variation in thickness 

erations (e.g., k < 2.0) extending the applicability of this material to future gen- 

measurement error of the analysis me^oS^or crPosI^^^^^^^^ 

Bacl«cattering / Hydrogen FoLrd sTaS J^^T^^^^^^ photoelectron spectroscopy (XPS). Rutherford 

data. For XPS the inherent measuremem r.l?s TpS ^2 a^^^^^ ^"''""^^ *° ^''^ ^"^^ ^''^ 

large, ranging from ^- 2 to 5 atomic% dependiig^Zhe spe^^ S' otS, "^tr ^'"'^'^'^'^ 
+/-2atomic%tothefinal range of the data ^ vanability will contribute a further 

tnemSflt^;L"°rwTn',n^^^^^^^ "^T ^"''^'^ "'"'^ ^ '^'^"-^ P-o^en. ,n 

Should be unde-stood to denote tS ub l^t I^^^^^^^ throughout this document, the tern, "independently- 
bearing different superscripts bu^rasoinde^llr not only independently selected relative to other R groups 
ForexampleJnthe'fomiuirRi^Rt s'r^^^^^^^ 

other or to R2. ' ^" " 2 or 3, the two or three Ri groups need not be identical to each 

singVormu^p^unsaturUc^cii^Zmrpart^^^^^^^^^ 

- Example: diethoxymethylsllane. dimethyldlmethoxysilane 

- Example: 1 .3-dimethyl-1 ,3-diethoxydislloxane 

■ "^n(°'^^3-nSi-SiR3n,(OR4)3.„ where Ri and R3 can be independenth/ H c tnr ii„ ^ u 
singly or mumply unsaturated, cyclic, partlany or fully fluSed R^an^ 

or branched, saturated, singly or multiDiv unsaturaZ . ^ 'ndependently c, to Cg. linear 

m is 1 to 3. ^ unsaturated, cyclic, aromatic, partially orfully fluorinated. n is 1 to 3 and 

- Example: 1 .2-dimethyl-1 .1 .2.2-tetraethoxydisilane 
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singly or muitiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3. 

Example: dimethyldiacetoxysilane 

5 ' - R^n(0(0)CR2)3.nSi-0-SiR3^(0(0)CR'^)3.^ where R^ and R^can be independently H, to C4, linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ and R^<:an be independently H, 
to Ce, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, 
n is 1 to 3 and m is 1 to 3. 

10 - Example: 1,3-dimethyl-1,3-diacetoxydisiloxane 

- Rin(0(0)CR2)3,^Si-SiR3^(0{0)CR4)3,^ where Ri and R3 can be independently H, to C4, linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ and R"^ can be independently H, 

to Cg, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, 
. '5 n is 1 to 3 and m is 1 to 3. 

Example: 1 ,2-dlmethyM ,1 ,2,2-tetraacetoxydisilane 

- R^n(0(0)CR2)3.nSi-0-SiR3m(OR^)3.m where R^ and R^ can be independently H, to C4, linear or branched, 
20 saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ can be independently H, to Cg, 

linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, R^can 
be independently to Cg, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially 
or fully fluorinated, n is 1 to 3 and m is 1 to 3. 

25 . Example: 1,3-dimethyM-acetoxy-3-ethoxydisiloxane 

- R^n(0(0)CR^)3.nSi-SiR3m(OR^)3.^ where R^ and R3 can be independently H, to C4, linear or branched, satu- 
rated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ can be independently H, to C^, linear 
or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated and R^ can be 

30 independently to Cg, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or 

fully fluorinated, n Is 1 to 3 and m is 1 to 3. 

Example: 1,2-dimethyl-1-acetoxy-2-ethoxydisilane 

35 - Ri„(OR2)p(0(0)CR^)4.(n^pjSi where R^ can be independently H, to C4, linear or branched, saturated, singly or 
multiply unsaturated, cyclic, partially or fully fluorinated, R^ can be Independently to C^. linear or branched, 
saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated and R* can be independently 
H, to Ce, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluori- 
nated, and n is 1 to 3 and p is 1 to 3. 

40 

Example: methylacetoxy-t-butoxysilane 

- R^n(OR%(0(0)CR^)3.n^,Si-0-SiR3^(0(0)CR5)q{OR6)3.^^ where R^ and R^ can be independently H, Ci to C4, 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ and R^ can be 

45 independently to Cg, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or 

fully fluorinated, R^ and R^ can be Independently H, to Cg, linear or branched, saturated, singly or multiply 
unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3, m is 1 to 3, p is 1 to 3 and q is 1 to 3, 

Example: 1 ,3-dimethyl-1 ,3-diacetoxy-1 ,3-diethoxydislloxane 

50 

- R^n(OR%(0(0)CR%n-pSi-SiR3^(0(0)CR5)q(OR6)3.n,^ where Ri and R^can be independently H, toC4, linear 
or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R2, R6 can be independ- 
ently to Cg, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluor- 
inated, R^, R^ can be independently H, C^ to Cg, linear or branched, saturated, singly or multiply unsaturated, 

55 cyclic, aromatic, partially or fully fluorinated, n is 1 to 3, m is 1 to 3, p is 1 to 3 and q is 1 to 3. 

Example: 1 ,2-dlmethyl-1 ,2-diacetoxy-1 ,2-diethoxydisilane 
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■ ^^'^f°''^"«t°'*«'°'^"'a(OSiR,R3),. where Ri and R3canbe independenUy H, toC, linear or branched 
saturated, smgly or multip^ unsaturated, cyclic, partially or fultyf,uorlnaTed.andxm^^ 

Examples: 1.3.5,7-tetramethylcyclotetrasiloxane. octamethyloyclotetrasiloxane 

!f/°,?' ^^""^ ^ ^ environment is essentially non-oxidative and /or has 

=.ero;r=x-^ 

• aainples: TEOS. Weftoxyatoe, aWenlsntuloxyMto,.. siane, dstae. OHMBiybuBxydiacetoxysltoe, Mc. 
l?^!r*r"fT °' '""""'^ <CR,R3SiRiR3),. where Ri and R3 are independently H C, to C. linear or 
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[0050] Although reference is made throughout the specification to siloxanes and disiloxanes as precursors and po- 
rogenated precursors, it should be understood that the invention is not limited thereto, and that other siloxanes, such 
as trisitoxanes and other linear siloxanes of even greater length, are also within the scope of the invention. 
[0051] The following are non-limiting examples of Si-based porogenated precursors, where the porogen material is 
s one or more of , or R^: 

Rin(0R^3.nSi where R^ can be independently H, to 0^2' ^^^^^^ or branched, saturated, singly or multiply un- 
saturated, cyclic, partially or fully fluorinated; can be independently to C^2> linear or branched, saturated, 
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3. 

10 

- Example: diethoxy-neo-hexylsilane 

• R^n(OR2)3.^Si-0-SiR3j„(OR^)3.n^ where R^ and R^ can be independently H, toCig, llnearor branched, saturated, 
singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ and R"^ can be independently to C^2* ^^^^^^ 
IS or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3 and 

m is 1 to 3. 

- Example: 1,3-diethoxy-1-neo-hexyldislioxane 

20 - Rin(OR2)3.„SI-SIR3j^(OR%n, Where R^ and R^ can be Independently H, to C^g- ''"®sr or branched, saturated, 
singly or multiply unsaturated, cyclic, partially or fully fluorinated, R2 and R^ can be independently to C^2' linear 
or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3 and 
m is 1 to 3. 

25 - Example: 1 ,2-diethoxy-1 -neo-hexyldisilane 

- R''n(OR2)3.nSi-R7-SiR3^(OR^)3.n, where R^ and R3 can be independently H, to C^2» ''near or branched, satu- 
rated, singly or multiply unsaturated, cyclic, partially or fully fluorinated, R2 and R^ can be independently to C^2> 
linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, R^ is 

30 to Ci2, linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated, and bridges 
the two SI atoms, n is 1 to 3 and m is 1 to 3. 

Example: 1 ,4-bis(dimethoxysilyl)cyclohexane 

35 . R^n(OR%nSi-SiR^n,(OR%„ Where R^ and R^ can be independently H, to C^g. linear or branched, saturated, 
singly or multiply unsaturated, cyclic, partially or fully fluorinated, R^ and R^ can be Independently to 0^2' ''■^^^'^ 
or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3 and 
m Is 1 to 3. 

^0 - Example: 1 ,2-diethoxy-1 -neo-hexyldisilane 

Rip(0(0)CR2)^nSi where R"* can be independently H, to C^g* 1'"®^'' or branched, saturated, singly or multiply 
unsaturated, cyclic, partially or fully fluorinated; R^ can be independently H, to 0^2* linear or branched, saturated, 
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is 1 to 3. 

45 

Example: diacetoxy-neo-hexylsilane 

- R^n(0(0)CR2)3.„Si-0-SiR3^(0(0)CR4)3.n, where Ri and R^can be independently H, to C^2» linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ and R^ can be independently H, 

50 Ci to Ci2, linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially orfully fluorinated, 

n is 1 to 3 and m is 1 to 3. 

Example: 1 ,3-diacetoxy-1 -neo-hexyldisiloxane 

55 - R^n(0(0)CR^)3.nSi-SiR3ni(0(0)CR^)3.n, Where R"" and R^ can be independently H, to Cig, linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R^ and R^ can be independently H, 
to 0^2' linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, 
n Is 1 to 3 and m is 1 to 3. 
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Example: 1,2-diacetoxy-1-neo-hexyldisilane 



- RyO(0)CR2)3.„Si-0-SiR3„(OR4)3.„ where R1 and R3 can be independently H. C, to C,,. linear or branched 
hnear or branched saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated R4 cln 

• Example: 1-acetoxy-3.3-di-t-butoxy-1-neohexyldisiloxane 

■ R^„(0(0)CR2)3.„Si-SiR3„(OR4)3.„ where Ri and R3 can be independently H. C. to C,,. linear or branched sat- 

rr"'"' P^'^'^''^ °^'"'^fl"orinated: R^ can be independentlyTS to C« 

hnear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated S» clri 

o^^:X"n^i^:?;^Sm^rr■~^^ 

- Example: 1-acetoxy-2,2-di-t-butoxy-1-neohexyldisilane 

■ f^'n(OR%(0(0)CR3)4.(^p)Si where Ri can be Independently H, to 0,2, linear or branched saturated sinalv 
or mutapj, unsaturated, cyclic, partially or fully fluorinated. Ra can be independently C, to C,^. line^ oTblched 
saturated. s^^ngVormultlpfyunsa,urated.cyclk^^ 

- Example: acetoxy-t-butoxy-neo-hexylsilane 

■ ,';i'"i°^\p<°^°^^!'')3-"i'Si-0-SiR3„(0(0)CR5),(OR6)^„^ where Ri and R3 can be independently H. C, to C,, 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated R2 R6 can be 
.ndependent^C,toC,2. linear orbra^^^ 

f u J, f luonnated. R* RScan be independently H. C, to C,^. linear or branched, saturated; singly or mult p^ unX 
rated, cyclic, aromatic, partially or fully fluorinated. n is 1 to 3. m Is 1 to 3. p is 1 to 3 and q te 1 to 3. 

- Example: 1.3-diacetoxy-1,3-di-t-butoxy-1-neohexyldlslloxane 

■ " ;i°f M0(0)CR%„-pSI-SiR3 J0(0)CR5)^{0R6)3. where Ri and R3 can be independently H. C, to C,, 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated; R2 R^ L be 
TuSriL I^p";'"' 'T- °J or multiply unsaturated, cyclic, aromatic, partially or 

' '"dependentlyH. C, toC,^, linear or branched, saturated, singly or multlpfy unsatu- 

rated, cyclic, aromatic, partially orfully fluorinated. n is 1 to 3. m is 1 to 3. p is 1 to 3 and q fe 1 to 3. 

- Example: 1.2-dlacetoxy-1.2-di-t-butoxy-1-neohexyldisilane 

- ff«fo«ne80^thefomiula(OSiRiR3)x.whereRiandR3canbeindependentlyH.CitoC„.linearorbranched 
saturated, singly or multiply unsaturated, cyclic, partial^ or fully fluorinated. and x maybe any im^erfrSl^z to^^^ 

- Example: such as 1-neohexyl-1 .3.5.7-tetramethyloyclotetrasiloxane 

[0052] Provisos to all above groups: 1 ) the reaction environment is essentially non-oxidative and/or has no added 
oxidant (other than the optional addition of CO, to the extent It is deemed an oLant) to the rLXn mWui 
ste^rn °! • " ^ ^3 or larger hyd«x:aibon to act as pore fom,er a^d 3) a c 

SrofhfinSJ'""''''"^"^^^^^ 

fi«o, ^ P"™^^"' ^"^ d^osned film to produce a dielectric constant less than 2 6 

[0053] The above precursors may be mbced with other molecules of these same classes and/or with molecules of 

the same classes except where n and/or m are from 0 to 3 moiecuies or 

S fol'lTs:"''"' °' ^'-"^^ Porogenated precursors a,e represented by the fol- 



(a) the fomiula R'„(OR2)p(0(0)CR3)^„^,Si where Ri Is independently H or C, to C,^ linear or branched. 



satu- 
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rated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R2 and are independently 
to C^2 lif^^^r or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated 
hydrocarbon , n Is 1 to 3 and p is 0 to 3. provided that at least one of R1 is substituted with a C3 or larger hydrocarbon 

as the porogen; 

5 (b) the fomriula RV(OR2)p(0(0)CR4)3.^pSi-0-SiR3^(0(0)CR5)q(OR6)3.^.q where R^ and R3 are independently H 

or to C^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydro- 
carbon; R2, R^ R^ and R^ are independently toCi2''"^^''0'''^''^'^^^®^>^^^"i^^^^>^i'^9'y^''^"^iply unsaturated, 
cyclic, aromatic, partially or fully fluorinated hydrocarbon, n is 0 to 3, m is 0 to 3, q is 0 to 3 and p is 0 to 3, provided 
that n+m ^ 1 , n+p ^ 3, m+q ^ 3, and at least one of R^ and R^ is substituted with a C3 or larger hydrocarbon as 

10 the porogen; 

(c) the formula R^(OR2)p(0(0)CR4)3.n.pSi-SiR3^(0(0)CR5)q(OR6)3.^.q where R1 and R^ are independently H or 
to C^2 li^e^r or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydro- 
carbon; R2, R4, R5 and R^ are independently toCi2 linear or branched, saturated, singly or multiply unsaturated, 
cyclic, aromatic, partially or fully fluorinated hydrocarbon, n Is 0 to 3, m is 0 to 3, q is 0 to 3 and p is 0 to 3, provided 

15 that n+m ^ 1 , n+p ^ 3, m+q ^ 3, and at least one of Ri and R^ Is substituted with a C3 or larger hydrocarbon as 

the porogen; 

(d) the fonnula Rin(OR^)p(0(0)CR%n.pSi-R^-SiR3^(0{0)CR5)q(OR6)3.^.q where Ri and R3 are independently 
H or to C^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated 
hydrocarbon; R^, R^, R^, R^, and R^ are independently to C^2 linear or branched, saturated, singly or multiply 

20 unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n Is 0 to 3, m is 0 to 3, q Is 0 to 3 and p is 

0 to 3, provided that n+m ^ 1 , n+p ^ 3, m+q s 3, and at least one of R"" , R^ and R^ is substituted with a C3 or larger 
hydrocarbon as the porogen; 

(e) the formula (R^n(0'^^)p(0(0)CR^)4.(n+p)Si)tCH4.| where R^ is independently H or to C^2 1*"®®*^ branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R^ and R^ are independ- 

25 ently to 0^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully 

fluorinated hydrocarbon, n is 1 to 3, p is 0 to 3, and t is 2 to 4, provided that n+p ^ 4 and at least one of R^ is 
substituted with a C3 or larger hydrocarbon as the porogen; 

(f) the fonnula (R"'n(OR^p(0(0)CR^)4.(n+p)Si)tNH3.t where R^ Is Independently H or to C^2 ''near or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocartDon; R2 and R^ are independ- 

30 ently to C^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully 

fluorinated hydrocariDon, n is 1 to 3, p is 0 to 3 and t is 1 to 3, provided that n+p ^ 4 and at least one of R'* Is 
substituted with a C3 or larger hydrocariDon as the porogen; 

(g) cyclic slloxanes of the f onmula (OSiR-, R3)x, where R^ and R3 are independently H or to 0^2 linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon, and x is any integer from 

35 2 to 8, provided that at least one of R^ and R^ is substituted with a C3 or larger hydrocartDon as the porogen; 

(h) cyclic sllazanes of the formula (NR^SiRiR3)x, where R'' and R^ are Independently H or to C^g linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocartson, and x is any 
Integer from 2 to 8, provided that at least one of R^ and R^ is substituted with a C3 or larger hydrocartDon as tf>e 
porogen; or 

40 (I) cyclic cart3osilanes of the fonnula (CR^R3SiRiR3)x, where R*^ and R^ are independently H or to C^g linear 

or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon, and x is 
any Integer from 2 to 8, provided that at least one of R^ and R^ is substituted with a C3 or larger hydrocarbon as 

the porogen. 

45 [0055] The following are non-limiting examples of materials suitable for use as porogens of the invention: 

[0056] 1) Cyclic hydrocarbons of the general fonnula C^Hgn where n = 4 - 14, where the number of carbons in the 
cyclic structure is between 4 and 1 0, and where there can be a plurality of simple or branched hydrocarbons substituted 
onto the cyclic structure. 

50 Examples include: cyclohexane, trimethylcyclohexane. 1-methyl-4(1-methylethyl)cyclohexane, cyclooctane, 
methylcyclooctane, etc. 

[0057] 2) Linear or branched, saturated, singly or multiply unsaturated hydrocarbons of the general fonnula 
CnH^2n+2)-2y Where n = 2 - 20 and where y = 0 - n. 

55 

Examples include: ethylene, propylene, acetylene, neohexane, etc. 

[0058] 3) Singly or multiply unsaturated cyclic hydrocarbons of the general formula O^fi^n-zx where x Is the nun>ber 
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of unsaturated sites in the molecule, n = 4 - 14, where the number of carbons in the cvcllc structure is betw^on a =„h 
Examples include, norbomane, spiro-nonane. decahydronaphthalene. etc. 

[0060] 5) Multiply unsaturated bicyclic hydrocarbons of the general formula c H whor« v ie u . 

unsaturated sites in the molecule n - d L u,h»r- »k« general rormuia CnHg^a+ax) where x is the number of 
12 anri wh»™ «;Jrl "r'^", ■ " - the number of carbons in the bicyclic structure is between 4 and 

Examples include camphene, norbomene, norbornadlene. etc. 
Examples include adamantane. 

Sn p^f:rL:rcX's^^^^^ ""'^""^ "^^^^^ ^ --p-™- °' 

(A) at least one porogenated precursor represented by: 

(1 ) the fomiula Ri„(OR2)p(0(0)CR3)^ Si where Ri is independently H or C. to C,, linear or branched 

f ulhr f uonnated hydrocarbon, n is 1 to 3 and p is 0 to 3, provided that n4p < 4 and tha at least one of Ri Z 
substituted with a C3 or larger hydrocarbon as the porogen- " 

P R % L b?; T"- " """PlV ci^ic, p»«mi, lull, flLf„,»; 

ny^rbon, R R< RS and R> are mdependemly 0, lo 0,s linear or brancBod, aauirated, slnoly or muniDh 

o iJ 0 IT'' hydrocarbon, n la 0 to 3, m I. 0 B 3. * 0 ,o 3 

(5) the fomiula (R^n(OR2)p(0(0)CR3)^ SDjCH^.. where Ri is independently H or C, to C„ linear or 
R^aTe Senl"rJ' rl^'r ''"'^^ ^ '^'^ "uonnated hyd^ iSo^^^^"^^^^^^^^ 

ZZ^ nTuT^- °' °^ "^"'"Ply unsaturated, cyclic ar^n^c 

partially or fully fluonnated hydrocarbon, n is 1 to 3. p is 0 to 3. and t is 2 to 4. provided that C< 4^ « 
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least one of is substituted with a or larger hydrocarbon as the porogen; 

(6) the fomiula (R^n(0R%(0(0)CR%(n+p)Si)tNH3.t where is independently H or to C12 linear or 
branched, saturated, singly or nnultiply unsaturated, cyclic, partially or fully fluohnated hydrocarbon; R^ and 
R3 are independently to C^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, 
partially or fully fluohnated hydrocarbon, n is 1 to 3, p is 0 to 3 and t Is 1 to 3, provided that n+p ^ 4 and at 
least one of R^ is substituted with a C3 or larger hydrocarbon as the porogen; 

(7) cyclic siloxanes of the fonnula (OSiRiRs)^, where R^ and R^ are Independently H or to C12 linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluohnated hydrocarbon, and x is 
any integer from 2 to 8, provided that at least one of R^ and R^ is substituted with a C3 or larger hydrocarbon 
as the porogen; 

(8) cyclic silazanes of the fonnula (NRiSiR^R3)x, where R^ and R^ are independently H or to '''^^^'^ 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon, and x is 
any integer from 2 to 8, provided that at least one of R^ and R^ is substituted with a C3 or larger hydrocarbon 
as the porogen; or 

(9) cyclic carbosiianes of the fonnuia (CR<|R3SiR^R3)x, where R1 and are independently H or to 0^2 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon, 
and X is any integer from 2 to 8, provided that at least one of W and R^ is substituted with a C3 or larger 
hydrocarbon as the porogen; or 

(B)(1) at least one precursor selected from the group consisting of: 

(a) the fonnula R^n(OR%(0(0)Cf^^)4-(n+p)Si where Ri is independently H or to C4 linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R^ is independently 

to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluori- 
nated hydrocarbon, R^ is Independently H, to C5 linear or branched, saturated, singly or multiply unsatu- 
rated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n is 1 to 3 and p is 0 to 3; 

(b) the formula R^n(OR^)p(0(0)CR%n.pSi-0-SIR3m(0(0)CR5)q<OR6)3.^.^, where R1 and Ffi are independ- 
ently H or to C4 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluor- 
inated hydrocarbon; R2 and R® are independently to Cs linear or branched, saturated, singly or multiply 
unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, R^ and R^ are independently H, to 
Ce linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated 
hydrocariDon, n is 0 to 3, m is 0 to 3, q is 0 to 3 and p is 0 to 3, provided that n-i-m ^ 1 , n+p ^ 3 and m+q ^ 3; 

(c) the fonnula R^(OR2)p(0(0)CR%^pSi-SIR3^(0(0)CR5)q(OR6)3.^.q where R1 and are independently 
H or to C4 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated 
hydrocari^on; R^and R^ are independently to Cg linear or branched, saturated, singly or multiply unsatu- 
rated, cyclic, aromatic, partially orfully fluorinated hydrocari3on, R^ and R^ are independently H, to Cg linear 
or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocar- 
bon, n Is 0 to 3, m Is 0 to 3, q is 0 to 3 and p is 0 to 3, provided that n+m ^ 1 , n+p <> 3 and m+q < 3; 

(d) the fonnula RV(OR2)p(0(0)CR%^pSi-R7-SiR3^(0(0)CR5)q(OR6)3.^.q where f|i and R3 are independ- 
ently H or to C4 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluor- 
inated hydrocarbon; R^, R^ and R^ are independently to C3 linear or branched, saturated, singly or multiply 
unsaturated, cyclic, aromatic, partially orfully fluorinated hydrocartDon, R^ and RS are independently H, to 
Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially orfully fluorinated 
hydrocarbon, n is 0 to 3, m is 0 to 3, q is 0 to 3 and p is 0 to 3, provided that n+m ^ 1 , n+p ^ 3, and m+q ^ 3; 

(e) the formula (R''n(OR2)p(0(0)CR3)4^(n^p)Si)tCH4.t where R^ is independently H or to C4 linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially orfully fluorinated hydrocarbon; R2 Is in- 
dependently to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially 
orfully fluorinated hydrocarbon, R^ is independently H,C^ to Cg linearorbranched, saturated, singly or multiply 
unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarison, n is 1 to 3, p is 0 to 3, and t is 2 to 4, 
provided that n+p < 4; 

(f) the fonnula (R^n(OR2)p(0(0)CR3)4.(n+p)Si)tNH3.t where Ri isindependentlyH or 1064 linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially orfully fluorinated hydrocartDon; R2 is independently 

to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluori- 
nated hydrocarbon, R^ Is independently H, to Cg linear or branched, saturated, singly or multiply unsatu- 
rated, cyclic, aromatic, partially or fully fluorinated hydrocari^on, n is 1 to 3, p is 0 to 3 and t is 1 to 3, provided 
that n+p <. 4; 

(g) cyclic siloxanes of the fonnula (OSiRiR3)jt, where R^ and R^ are independently H, C^ to C4, linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated, and x may be any 
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integer from 2 to 8; 

2iSJLH'"T"f the fomiula (NR,SiR,R3),. where Ri and R3 are independently H. C, to C.. linear or 
frgt; from?t"rand"'^ " ''^""^ '""^ ""^^ 
S SL'!?"'^ T.'*"* I"'""'^ (CRiRaSiR^Ra), where Ri and R3 are independent^ H. C, to a. linear 
integeJj^CCd °' '^"'* "'"""^ '""^ fluorinated; arid x ma/be any 

(B)(2) a porogen distinct from the at least one precursor, said porogen being at least one of: 

(a) at least one cyclic hydrocarbon having a cyclic structure and the formula C„H2„, where n is 4 to 14 a 
numberofcarbonsmthe^^ 

contains a pluralrty of simple or branched hydrocarbons substituted onto the cyclic struLre- 

(b) at least one linear orbranched.saturated.8inglyormultiply unsaturated hydrocarbon ofthe'generalforrnu^ 
CnH(a,42).2y where n = 2 - 20 and where y = 0 - n; aenerai lormuia 

(c) at least one singly or multiply unsaturated cyclic hydrocarbon having a cyclic stnicture and the fomiula 
1 . ^' ^ ^ °* unsaturated sites, n is 4 to 14. a number of carbons in the cyclic structure 

aplurah^ofsimpleorbranchedhydrocarbonssubstituentssubstitutedontothecycllcstructL anJSntens 
endocyclic unsaturatlon or unsaturation on one of the hydrocarbon substituents 

(d) at least one bicyclic hydrocarbon having a bicyciic stmcture and the fomiula C„H:^ , where n is 4 to 14 
cTtir r';L"';"*''?'^''^''"''"^"'^*^°"^*°^2.andtheatle^ 

contains a plurality of simple or branched hydrocarbons substituted onto the bicyciic structure- 

(e) at least one multiply unsaturated bicyciic hydrocarbon having a bicyciic structure and the fomiula 

IS from 4 to 12, and the at least one multiply unsaturated bicyciic hydrocarbon optionally contains a plurality 

IZn^^L^r'"' -b^t't'rt^'^ onto the bicyciic stmcture%nd Snte^s en^ 

Q^chc unsaturation or unsaturation on one of the hydrocarbon substituents; and/or 

(f) at least one tricyclic hydrocarbon having a tricyclic structure and the formula CM, ^ where n is 4 to 14 

contains a plurality of simple or branched hydrocarbons substituted onto the cyclic structure. 

iiw udes at least orte porogenated precursor selected from the group consisting of neohexyl-1 3 5 7-tetramethvlcv- 
clotetrasiloxane and trimethylsiVlethyi-1 .3.5,7-tetramethylcyclotetrasiloxane tetramethylcy- 
Smplel: '^'^ ^'"""^""^"'^ °' composition comprising a porogen-free precursor, the composition preferably 



(a) 



(i) at least one precursor selected from the group consisting of diethoxymethylsilane. dimethoxymethylsilane 
dHsopropoxymethylsilane. dl-t-butoxymethylsiiane. methyltriethoxysilaVe, methyMmethoxyX Syl J 
Z3rl'"';'"?/^'t"*°'^'"'""' <^""«%'^""«tt^o^"ane, dimethyldiethoxysilane, dimethyld 
Z^J::^^''-^: 1-3A7-tetramethy^lotatrasl.oxane. oc^e*,^.ietrasl- 

SnsiSnTof toh«'/""" ''^ ^'l^ ""^ "^'"9 ^ ^'^^ted from the group 

TJ^^y alpha-terpinene. Iimonene. cyclohexane, 1 .2.4-trim6thylcyclohexane. 1 .5^imethyl-1 5-cy 
clooctadiene. camphene. adamantane. 1 .3-butadiene, substituted dienes and decahydranaphthelene; aSr 

SnrdLthr°.r ? ''^"'V'"'^'"'^'"^^^ rnethyltriethoxysiiane. dimethyldimerxysi- 

lane din^ethyldiethoxysilane. methyltriacetoxysilane, methyldiacetoxysilane. methylethoxydisiloxane teteam- 

btS:ST":; '^^^'^'"^trasiloxane. dimethyldiacetoxysiiane. brs(trimloxiX!mrre 

bi8(dimethoxysilyl)methane. tetraethoxysilaneandtriethoxysilane. and (ii) alpha-terpinene garnma- erpinene 

rdi^sc^rr ■ ^-n. 3'^^rene.varxre 
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[0065] Compositions of the invention can further comprise, e.g., at ieast one pressuhzabie vessel (preferably of 
stainless steel) fitted with the proper valves and fittings to allow the delivery of porogen, non-porogenated precursor 
and/or porogenated precursor to the process reactor. The contents of the vessel(s) can be premixed. Alternatively, 
porogen and precursor can be maintained in separate vessels or in a single vessel having separation means for main- 
5 taining the porogen and precursor separate during storage. Such vessels can also have means for mixing the porogen 
and precursor when desired. 

[0066] The porogen is removed from the preliminary (or as-deposited) film by a curing step, which can comprise 
themnal annealing, chemical treatment, In-situ or remote plasma treating, photocuring and/or microwavlng. Other In- 
sltu or post-deposition treatments may be used to enhance materials properties like hardness, stability (to shrinkage, 

10 to air exposure, to etching, to wet etching, etc.), integrabiiity, uniformity and adhesion. Such treatments can be applied 
to the film prior to, during and/or after porogen removal using the same or different means used for porogen removal. 
Thus, the term "post-treating" as used herein denotes treating the film with energy (e.g., themial, plasma, photon, 
electron, microwave, etc.) or chemicals to remove porogens and, optionally, to enhance materials properties. 
[0067] The conditions under which post-treating are conducted can vary greatly. For example, post-treating can be 

IS conducted under high pressure or under a vacuum ambient. 
[0068] Annealing is conducted under the following conditions. 

[0069] The environment can be inert (e.g., nitrogen, CO2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., 
oxygen, air, dilute oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.) or reducing (dilute 
or concentrated hydrogen, hydrocarbons (saturated, unsaturated, linear or branched, aromatics), etc.). The pressure 
20 is preferably about 1 Torr to about 1 000 Torr, more preferably atmospheric pressure. However, a vacuum ambient is 
also possible for themiat annealing as well as any other post-treating means. The temperature is preferably 200-5.00 
**C, and the temperature ramp rate Is from 0.1 to 100 deg ""C/min. The total annealing time is preferably from 0.01 min 
to 12 hours. 

[0070] Chemical treatment of the OSG film Is conducted under the following conditions. 
25 [0071] The use of fluorinating (HF, SIF4, NF3, F2, COF2, CO2F2, etc.), oxidizing (H2O2, O3, etc.), chemical drying, 
methylating, or other chemical treatments that enhance the properties of the final material. Chemteals used in such 

treatments can be In solid, liquid, gaseous and/or supercritical fluid states. 

[0072] Supercritical fluid post-treatment for selective removal of porogens from an organosilicate film is conducted 
under the following conditions. 

30 [0073] The fluid can be carison dioxide, water, nitrous oxide, ethylene, SFg, and/or other types of chemicals. Other 
chemicals can be added to the supercritical fluid to enhance the process. The chemicals can be Inert (e.g., nitrogen, 
CO2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., oxygen, ozone, nitrous oxide, etc.), or reducing (e.g., dilute 
or concentrated hydrocartons, hydrogen, etc.). The temperature is preferably ambient to 500°C. The chemicals can 
also include larger chemical species such as surfactants. The total exposure time is preferably from 0.01 min to 12 

35 hours. 

[0074] Plasma treating for selective removal of labile groups and possible chemical modifrcation of the OSG film is 
conducted under the following conditions. 

[0075] The environment can be inert (nitrogen, CO2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., oxygen, 
air, dilute oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.), or reducing (e.g., dilute or 
40 concentrated hydrogen, hydrocartDons (saturated, unsaturated, linear or branched, aromatk:s), etc.). The plasma power 
Is preferably 0-5000 W, The temperature is preferably ambient to 500°C. The pressure is preferably 10 mton- to at- 
mospheric pressure. The total curing time is preferably 0.01 min to 12 hours. 

[0076] Photocuring for selective removal of porogens from an organosilicate film is conducted under the following 
conditions. 

45 [0077] The environment can be Inert (e.g., nitrogen, CO2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., 
oxygen, air, dilute oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.), or reducing (e.g., 
dilute or concentrated hydrocarisons, hydrogen, etc.). The temperature is preferably ambient to 500°C. The power Is 
preferably 0 to 5000 W. The wavelength Is preferably IR, visible, UV or deep UV (wavelengths < 200nm). The total 
curing time Is preferably 0,01 min to 12 hours. 

so [0078] Microwave post-treatment for selective removal of porogens from an organosilicate film is conducted under 
the following conditions. 

[0079] The environment can be Inert (e.g., nitrogen, CO2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing .(e.g., 
oxygen, air, dilute oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.), or reducing (e.g., 
dilute or concentrated hydrocariDons, hydrogen, etc.). The temperature is preferably ambient to 500*'C. The power and 
55 wavelengths are varied and tunable to specific bonds. The total curing tlnr>e is preferably from 0.01 min to 12 hours. 
[0080] Electron beam post-treatment for selective removal of porogens or specific chemical species from an orga- 
nosilicate film and/or improvement of film properties is conducted under the following conditions. 
[0081] The environment can be vacuum, inert (e.g., nitrogen, CO2, noble gases (He, Ar, Ne. Kr, Xe), etc.), oxidizing 
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t n " S T "'^f " environments, enriched oxygen environments, ozone, nitrous oxide, etc.), or reducing 

«>ncentrated hydrocart,ons. hydrogen, etc.). The temperature is preferably ambient to SOOX. The^c 

ayaiteble in publications such as: S. Chattopadhyay et al.. Joumal of Materials Science, 36 (2001) 4323^0 G 

fhS! nr^I J Hf ^ L^!?? P™^'*** P^^S^" ^'""va' enhancement of film me- 

chanical properties through bond-fomiatlon processes In matrix 

Enr. "1"'*'^*''^ ""'^^ ^"'^'^"^ '° f°"°*'"9 Examples, but it should be un- 

derstood that the present invention is not deemed to be limited thereto, "uiuoeun 



EXAH/IPLES 



^^^"^^T Perf°""^'' °" an Applied Materials Precision-5000 system In a 200mm DxZ chamber 

?emovJl S ' and stabilization of gas flows, deposttion. and purge/evacuation of chamber prior to wafe^ 

removal. Films were annealed in a tube furnace at 425'C for 4 hours under N, 

[0084] Thickness and refractive Index were measured on an SCI Filmtek 2000 Reflectometer DIelectrte constants 
were d^em^med using Hg probe technique on low resistmty p-type wafers « 0.02 ohm-cm). ll^harteaTZerti^ 
were determined using MTS Nano Indenter. Themial stability and off-gas products were deten^red by theZ^S 
metnc analysis on a Themio TA Instruments 2050 TGA. Compositional data were obtained by x-ray phot3on 

f^!?Ji,n?'^K '^^T introducing porosity into an OSG film. The first route investigated to produce 

lowkfilmswithk<2.6co-depositedathemr,alVlabile organic oligomer as the porogen along with the OSGbvTs^S 
emiancedchemicaivapordeposltlon{PECVD) and then removed the 01^^^^^^^ 

Example 1 A 

^'^iJ^tlT^^^ ^^"^l T diethoxymethylsilane (DBMS) onto a silicon wafer via PECVD 

in an oxidant-free environment. The process conditions were 700 miligrams per minute (mgm) flow of a 39 4% fbv 
volume) mixture of ATP in OEMS. A carrier gas flow of 500 seem of CO, was used to eLSe chemi^s iJto he' 

? 5?rshorerh" r 

of 1 50 C, showertiead to wafers spacing of 0.26 inches, and plasma power of 300 watts for a period of 1 80 seconds 

ulde Zo^ f ""^ « '^'"'^^^ °^ 2.8. The film was annealed aM25X 

under nitrogen for 4 hours to remove substantially all of the incorporated ATP, as evidenced by XPS FIG 1 shows 

The annealed film had a thickness of 492 nm and a dielectric constant of 2.4 (see Table 2 below) FIG 4 shows a 
themiogravimetnc ana^sis of the film to demonstrate weight loss occurring during themial treatments 

Example 1B 

Z^ZZ^ JZn^^ ^^"^"?.^' """"^^ ^'"^'"^ ^ "°'""^^) -"'^"^^ °f alpha-terpinene in OEMS. A 

Srthlr o^«l .r"^ ""^ *° '^''^'"''^'^ ^he deposition chamber, 

r^oln r f ' "^'^ ^ ^''^^^^ P^^^^"^« °f 8 Torr. wafer chuck temperature of 200-C show- 

ertiead to wafers spacing of 0.30 Inches, and plasma power of 600 watts for a period of 120 seconds The fSmTs 

for 4 hours to remove substantially all the incorporated ATP. The annealed film had a thickness of 349 nm ^d a 
dielectric constant of 2.1 4 (see Table 2 below). micuness oi nm ana a 

Example 1C 

^^L^ T T ^'^r'^ ^"'^ ^""^^'^'^ substantially in accordance with Example 1 A except that the anneal was 
Shown in FIG. 2. The infrared spectrum of the porogen. ATP. is shown in FIG. 3 for comparison. 
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Example .1 D (Comparative) 

[0089] A film was prepared and annealed substantially in accordance with Example 1 A except that no porogens 
were used. The film had a dielectric constant of 2.8, and a composition substantially identical to the annealed film of 
5 Example 1A (see Tables 1 and 2). 

Example 1 E (Comparative) 

[0090] A film was prepared and annealed substantially In accordance with Example 1 D except that the plasma power 
10 was 400 watts. The film had a dielectric constant of 2.8, and a composition substantially identical to the annealed film 
of Example 1 A (see Tables 1 and 2). 

Example IF 

15 [0091] A film was prepared and annealed substantially in accordance with Example 1A except that the process 
conditions were 1000 mlligrams per minute (mgm) flow of a 75% (by volume) mixture of alpha-terpinene (ATP) in di- 
t-butoxymethylsllane (DtBOMS). A carrier gas flow of 500 seem of COg was used to escort the chemicals into the 
deposition chamber Further process conditions were as follows: a chamber pressure of 7Torr, waferchuck temperature 
of 21 5 «C, showerhead to wafers spacing of 0,30 Inches, and plasma power of 400 watts for a period of 240 seconds. 

20 The film as deposited had a thickness of 540 nm and a dielectrte constant of 2.8. The film was annealed at 425''C 
under nitrogen for 4 hours to remove substantially all the incorporated alpha-terpinene. The annealed film had a thick- 
ness of 474 nm and a dielectric constant of 2.1 0. The modulus and hardness were 2.23 and 0.1 8 OPa, respectively 

Example 1G 

25 

[0092] ATP was co-deposited with DtBOMS onto a silicon wafer via PECVD in an oxidant-free environment. The 
process conditions were 700 millgrams per minute (mgm) flow of a 75% (by volume) mixture of ATP in DtBOMS. A 
carrier gas flow of 500 seem of COg was used to escort the chemicals into the deposition chamber. Further process 
conditions were as follows: a chamber pressure of 9 Torr, wafer chuck temperature of 275 °C, showerhead to wafers 
30 spacing of 0.30 Inches, and plasma power of 600 watts for a period of 240 seconds. The film as deposited had a 
thickness of 670 nm and a dielectric constant of 2.64. The film was annealed at 425 °C under nitrogen for 4 hours to 
remove substantially all the incorporated ATP The annealed film had a thickness of 633 nm and a dielectric constant, 
of 2.19. The modulus and hardness were 3.40 and 0.44 GPa, respectively 

35 Example 2 

[0093] The second route investigated to produce low k films with k < 2.6 used a single source organositane precursor 
which Included a themrially labile organic functionality as part of the molecular structure. The potential advantage of 
attaching the thennally labile group to a silica precursor is improved incorporation of the themrially labile group into the 

40 film. In order to investigate this route, we synthesized the molecule neo-hexyl-tetramethylcyclotetrasiloxane (neo- 
hexylTMCTS), in which a neo-hexyl group was grafted onto the TMCTS framework. The process conditions used in 
this test were 500 mgm flow of neohexyl-TMCTS and a carrier gas flow of 500 seem of COg, a chamber pressure of 6 
Torr, wafer chuck temperature of 1 50 °C, showerhead to wafers spacing of 0.32 inches, and plasma power of 300 watts 
for a period of 90 seconds. Thickness of the as-deposited film was 11 20 nm with a dielectric constant of 2.7. The film 

45 was annealed at 425*»C for 4 hours under Ng. Film thickness was reduced to 71 0 nm and the dielectric constant to 2.5. 
Films deposited from the TMCTS at ISO'C had a dielectric constant as-deposited of 2.8, which did not change after 
thennal annealing at 425*^0 for 4 hours. 

Example 3 

50 

[0094] A third route Investigated to produce low k films with k < 2.6 was to physically mix an organosilicon precursor 
with a silica precursor having a large thermally labile group attached to It. To prove the efficacy of this route, fufurox- 
ydimethylsilane was co-deposited with TMCTS at the following conditions; 1000 mgm flow of an 11% mixture of fur- 
furoxydimethylsilahe In TMCTS and a carrier gas flow of 500 seem of He, a chamber pressure of 6 Torr, wafer chuck 
55 temperature of 150 '^C, showerhead to wafers spacing of 0.26 inches, and plasma power of 300 watts for a period of 
40 seconds. Thickness of the as-deposited film was 1220 nm with a dielectric constant of 3.0. The inclusion of the 
furfuroxy was indicated by FTIR in the as-deposited films. After thermal post-treatments at 400 •C In nitrogen for 1 
hour the k was reduced to 2.73. It is likely in this case that there was remaining a signrf teant portion of the Incorporated 



17 



EP 1 354 980 A1 

fuffuroxy groups even after thermal anneal. 

EnH^nrr^lK 1"^'^' '"'^'^^'^ '^"^ ^""y '° incoiporate a vahety of funcdonal groups into as-deposited 

2 6 taufrrd ?"J 1° "''"^ ^° P"'^"^^ "P"'""'" <=°"«t«nt materials vrk< 

ll^^ZrT organosilane/organosiloxane precursors which can provide the proper tTe and 

^r^ou^l t?/«^^"^'"~^^^^^ " ^ P^^f^rredthat network-fom^ing precu^o^ 2?teh So 

iSlin T °' '° ''^'"'^ """^ "^'^ °' P«rt"="'«r importance when ulThydro 

^ h^pore.fom,er dunng deposition which could hamper its ability to be subsequently removed du'C^nX P^^ 



Table 1. 





XPS Data 


Example 


Description 


C 


O 


N 


Si 


Conditions 
















1A 


DEMS-ATP 


51.8 


25.6 


ND 


22.6 


150°C, 300W 


1A 


Annealed 


24.5 


43.1 


ND 


32.4 


425»C. 4 hrs. 
















IE 


DEMS 


28.8 


38.8 


ND 


32.4 


150°C,400W 


1E 


Annealed 


25.1 


41.4 


ND 


33.5 


425^C, 4 hrs. 
















1D 


DEMS 


27.0 


40.6 


ND 


32.4 


150°C,300W 


ID 


Annealed 


23.4 


42.7 


ND 


33.9 


425''C, 4 hre. 



• all compositional analysis after 30 sec Ar sputter to clean surface; inherent measurement error 2 atomic%. 
. Note: Hydrogen cannot be detemilned by XPS; atomic compositions shown are nomiaiized without hydrogen 





Film Property Data 


Example 


Description 


K 


Refractive Index 


A Thickness (%) 


H (GPa) 


M (GPa) 


1D; IE 


Various DEMS (as- 
deposited) 


2.9-3.1 


1.435 




0.30-0.47 


2.4-3.5 


ID; 1E 


Various DEMS (post- 
treated) 


2.80 


1.405 


7-10 






1A 


DEMS-ATP (as-deposited) 


2.80 


1.490 








1A 


DEMS-ATP(post-treated) 


2.41 


1.346 


22 


0.36 


3.2 


IB 


DEMS-ATP (as-deposited) 


2.59 










1B 


DEMS-ATP (post-treated) 


2.14 




16 






IF 


DtBOMS-ATP (as- 
deposited) 


2.80 


1.491 








1F 


DtBOMS-ATP (post- 
treated) 


2.10 


1.315 


12 


0.18 


2.2 


1G 


DtBOMS-ATP (as- 
deposited) 


2.64 


1.473 
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Table 2. (continued) 



Film Property Data 


Example 


Description 


K 


Refractive Index 


A Thickness (%) 


H (GPa) 


M (GPa) 


1G 


DtBOMS-ATP (post- 
treated) 


2.19 


1.334 


6.5 


0.44 


3.4 


Note: all depositions perfomied at ISC'C, hardness (H) and modulus (M) determined by nanoindentation. 



10 [0096] Comparison of the IR spectrum of as-deposited and Ng thennal post-treated D EMS/ATP films shows that 
thennal post-treatment In an Inert atmosphere is successful for selective removal of porogen and retention of the OSG 
lattice. There Is essentially no change in the SI-CH3 absorption at 1275 cm''^ after themnal anneal (the Si-CH^ is asso- 
ciated with the OSG network). However, there is seen a dramatic reduction in C-H absorptions near 3000 cm""* sug- 
gesting that essentially ail the carbon associated with ATP has been removed. The IR spectrum for ATP is shown for 

15 reference in FIG. 3. An added benefit of this anneal appears to be a signlf teant reduction in the Si-H absorption at 2240 
and 2170 cm*'' which should render the film more hydrophobic. Thus, In certain embodiments of the Invention, each 
Si atom of the film is bonded to not more than one H atom. However, in other embodiments, the number of H atoms 
bonded to Si atoms is not so limited. 

[0097] Compositional analysis Indicates that the DEMS-ATP film after anneal of 425 ^'C for 4 hrs (Example 1 A) has 

20 essentially identical composition to a OEMS films deposited and annealed in the same manner (Example 1 D). The 
DEMS-ATP film prior to anneal indicates a substantially largeramount of carbon-based material in the film (IR analysis 
supports that this carbon-based material is very similar to ATP - see FIG. 3). This supports the assertion that the 
porogen material incorporated into a OEMS film when co-deposited with ATP is essentially completely removed by the 
themnal post-treatment process. Thennogravlmetric analysis (FIG. 4) further indicates that significant weight loss of 

25 the as-deposited material Is experienced when heated to temperatures above 350 **C, which Is additional proof of 
porogen removal during annealing. The observed film shrinkage is likely caused by collapse of some portion of the 
OSG network upon removal of the porogen. However, there is little loss of organic groups from the OSG network, i.e., 
tenninal methyl groups within the DEMS are mostly retained (see the XPS data of pre and post thennal treatment for 
DEMS film shown in Table 1). This is supported by the relatively equivalent Si-CHa bands at —1275 wavenumbers in 

30 the IR spectrum. Hydrophobicity of this material is substantiated by the lack of Si-OH groups in the IR spectrum. The 
decrease in refractive index and dielectric constants of the films post-annealing suggests that they are less dense than 
the pre-annealed film, despite the decrease in film thickness. Positron Annihilation Lifetime Spectroscopy (PALS) in- 
dicates pore sizes for samples 1 A, 1 B, and 1 F In the range of 1 .5nm equivalent spherical diameter. Also, unlike 
the wori< of Grill etal (referenced in the introduction), analysis of the thickness loss in conjunction with the compositional 

35 change (Example 1 A) indicates that the OSG network is retained during anneal and not significantly degraded. 

[0098] The present invention has been set forth with regard to several pretended embodiments, but the scope of the 
present invention is considered to be broader than those embodiments and should be ascertained from the claims 
below. 

40 

Claims 

1. A chemical vapor deposition method for producing a porous organosilica glass film represented by the formula 
SlyO^CxHyF^, where v+w+x+y+z = 100%, v is from 10 to 35 atomic%, w is from 10 to 65 atomic%, x is from 5 to 

45 30 atomic%, y is from 1 0 to 50 atomic% and z is from 0 to 1 5 atomic%, preferably v is from 20 to 30 atomic%, w 

is from 20 to 45 atomic%, x is from 5 to 20 atonrirc%, y is from 1 5 to 40 atomlc% and z Is 0; said method comprising: 

providing a substrate within a vacuum chamber; 

introducing Into the vacuum chamber gaseous reagents including at least one precursor selected from the 
50 group consisting of an organosilane and an organosiloxane, and a porogen; 

applying energy to the gaseous reagents in the vacuum chamber to induce reaction of the gaseous reagents 
to deposit a preliminary film on the substrate, wherein the preliminary film contains the porogen, and the 
preliminary film is deposited without added oxidants when the porogen is distinct from the at least one pre- 
cursor; and 

55 removing from the preliminary film substantially all of the porogen to provide the porous film with pores and a 

dielectric constant less than 2.6, preferably 1 .9. 

2. The method of claim 1 , wherein z is 0.5 to 7 atomic%, the at least one f luorination agent is selected from the group 



19 



EP 1 354 980 A1 

The method of claim 1 . wherein most of the hydrogen in the porous film is bonded to carbon, 
■me method of claim 1 . wherein the porous film has a density less than 1 .5 g/ml. 

The method of claim 1 . wherein the pores have an equivalent spherical diameter less than or equal to 5 nm. 
The method of claim 1 . wherein the porogen is distinct from the at least one precursor. 
The method of claim 6. wherein the at least one precursor is represented by: 

11™ Jh"""'", "'"(°?y°(0)CR3)^<^,Si where Ri is independently H or C, to C, iinear or branched 

Stld htlcarJL R? ''"^^ °' "^""""y ^nsstur^Xe,, cyclic, aromatic, partially or fSlly fluoS^ 

ra^^H independently H. to linear or branched, saturated, sing^ or multiply unsa^- 

a ed cyclic, aromatic, partially or fully fluorinated hydroca*on. n is 1 to 3 and p \s 0 to 3 

hydrocart^on; R^and R6 are independently to Cg linear or branched, saturated, singly or muLrunsaVu 

Sin „ ■! o^' f ""^'^ °' "^"'^'P^ unsaturated, cyclic, aromatic, partially or fully fluLnated h^^ar 
bon. n IS 0 to 3. m Is 0 to 3, q is 0 to 3 and p is 0 to 3, provided that n.m >1 . n!p <3 a^d m« S ^ 
ii, ?! „T f- " " )p<°(°)'='^)3-„.pSI-R7-SiR3^(0(0)CR5UOR6)3.„^ where Ri and R3 are indeoend- 
.„« L K 1 * ""f ««t"rated. sing^ or multiply unsaturated, cyclic, partially or fully fkior- 

Z^ttratln r " ■ " " in«lependently C, to C, linear or branched, saturated singer o^l^^^^^^ 
riSo?bSrT;'f '^^^ hydrocarbon, R4 and R5 are independentiy ^ C to 

^IZll^ branched, saturated, singly or multiply unsaturated, cyclic, aromatic; partially or fully fluor^na ed 
hyd ocarbon, n ,s 0 to 3 m is 0 te 3. q is 0 to 3 and p is 0 to 3. provided that >1 . n^ <3 and mTi 
brinlrj f'><°"><°(°)Cf^^^(-pWH^. Where Ri is independent^ H o7c, to iTne^or 

dlZemytTclS 

• : L t branched, saturated, singly or multiply unsaturated, cyclic, aromatic oartiallv 

lr^SlV^:lVT'"'' '"""'^ " ""^ """'"^^^'^ " - 1 to 3. p 0 to 3. a'nJnsT K 

Stld htln ^ branched, saturated, sing^ or multiply unsaturated, cyclic, aromatic, partially or flTo^^ 
nated hyd ocarbon. R3 ,s independently H. to linear or branched, saturated, sing^ or llti^ Su- 
thS nTJi; • "'''"'^ '"'^ """'"'^^ ^y^ir^on, n Is 1 to 3. p is 0 to 3 aZ isTte 3. pZ^ 

°'*f (0S'RiR3)x. Where Ri and R3 are independently H. C. to C, linear or 

bX!nUe~^^^ 

Sin^S^i'ff T/ ^^'V""""'^ (NRiSiRiR3)x, Where RI and R3 are independently H, C, to C, linear or 

b^'^^jeTrrs^r"'^^^ 

S Sh't*°'^''!'H ^''^ 1°"""'^ (CRiRgSiRiRa),. Where Ri and R3 are independently H, C, to C, linear 
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8. The method of claim 6, wherein the at least one precursor is a member selected from the group consisting of 
diethoxymethylsllane, dimethoxymethylsilane, dl— isopropoxymethylsllane, di-t-butoxymethylsllane, methyltrl- 
ethoxysllane, methyltrimethoxysilane, methyltri-isopropoxysilane, methyltrl-t-butoxysilane, dimethyldimethoxysi- 
lane, dimethyldiethoxysilane, dimethyldi-isopropoxysilane, dimethyldl-t-butoxysilane, 1 ,3,5,7-tetramethylcyclotat- 
rasiloxane, octamethyl-cyclotetrasiloxane and tetraethoxysHane. 

9. The method of claim 1 , wherein said at least one precursor is a mixture of a first organosilicon precursor with two 
or fewer Si-0 bonds with a second organosilicon precursor with three or more Si-0 bonds, and the mixture is 
provided to tailor a chemical composition of the porous film. 

10. The method of claim 1 , wherein the porogen is at least one member selected from the group consisting of: 

(a) at least one cyclic hydrocarbon having a cyclic structure and the fomriuia CnH2n, where n is 4 to 14, a 
number of carbons in the cyclic structure is between 4 and 10, andthe at least one cyclic hydrocarbon optionally 
contains a plurality of simple or branched hydrocarbons substituted onto the cyclic structure; 

(b) at least one linear or branched, saturated, singly or multiply unsaturated hydrocarbon of the general formula 
^n^(2n+2)-2y Where n = 2 - 20 and where y = o - n; 

(c) at least one singly or multiply unsaturated cyclic hydrocarbon having a cyclic structure and the fomiula 
CnH2n-2x» Where X is a number of unsaturated sites, n is 4 to 14, a number of carbons in the cyclic structure 
is between 4 and 1 0, and the at least one singly or multiply unsaturated cyclic hydrocarbon optionally contains 
a plurality of simple or branched hydrocarbons substituents substituted onto the cyclic structure, and contains 
endocycilc unsaturation or unsaturation on one of the hydrocarbon substituents; 

(d) at least one bicyclic hydrocarbon having a bicycllc structure and the fomiula CnHgn-g. where n is 4 to 14, 
a number of carbons in the bicyclic structure Is from 4 to 12, and the at least one bicyclic hydrocarbon optionally 
contains a plurality of simple or branched hydrocarbons substituted onto the bicyclic structure; 

(e) at least one multiply unsaturated bicyclic hydrocarbon having a bicyclic structure and the fomnula 
Cn'^2n-(2+2x). Where X is a number of unsaturated sites, n is 4 to 1 4, a number of carbons in the bicyclic structure 
is from 4 to 12, and the at least one multiply unsaturated bicyclic hydrocarbon optionally contains a plurality 
of simple or branched hydrocarbons substituents substituted onto the bicyclic structure, and contains endo- 
cyclic unsaturation or unsaturation on one of the hydrocarbon substituents; and 

(f) at least one tricyclic hydrocarbon having a tricyclic structure and the fonnula CnH2n.4, where n is 4 to 14, 
a number of carbons in the tricyclic structure is from 4 to 1 2, and the at least one tricyclic hydrocarbon optionally 
contains a plurality of simple or branched hydrocarbons substituted onto the cyclic structure. 

11. The method of claim 1 , wherein the porogen is at least one member selected from the group consisting of alpha- 
terpinene, limonene, cyclohexane, 1 ,2,4-trimethylcyclohexane, 1 ,5-dlmethyl-1 ,5-cyclooctadlene, camphene, ada- 
mantane, 1 ,3-butadiene, substituted dienes and decahydronaphthelene. 

12. The method of claim 1 , wherein the at least one precursor contains at least one porogen bonded thereto. 

13. The method of claim 12, wherein the gaseous reagents further Include at least one porogen-f reeprecursor selected 
from the group consisting of an organosilane and an organosiloxane. 

14. The method of claim 1 2, wherein the removing step leaves a methyl group attached to Si where the porogen was 
previously attached. 

15. The method of claim 12, wherein the at least one precursor is represented by: 

(a) the fonnula R^n(OR2)p(0(0)CR3)4^„+pjSi where Is independently H or to C^g linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R2 and are Inde- 
pendently to C^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or 
fully fluorinated hydrocarbon, n is 1 to 3 and p is 0 to 3, provided that n+p ^, and that at least one of R^ Is 
substituted with a C3 or larger hydrocarbon as the porogen; 

(b) the fonnula R^(OR2)p(0(0)CR4)3.n.pSi-O.SiR3^(0(0)CR5)q(OR6)3.^,^ where R^ and R3 are independ- 
ently H or C-i to C12 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluor- 
inated hydrocarbon; R2, R^, RS and R^ are independently toC^2 ''near or branched, saturated, singly or 
multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocartson, n is 0 to 3, m is 0 to 3, q is 0 
to 3 and p is 0 to 3, provided that n+m ^1 , n+p <3, m-K) ^, and at least one of R^ and R^ is substituted with 
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a or larger hydrocarbon as the porogen; 

(c) the foRnula Ri„(OR%(0(0)CR4)3.^Si-SiR3„(0(0)CR5),{OR6)3^ where Ri and R3 are independently 
H or to linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated 
hydrocarbon; R2. R4 R5 and RS are independently C, to C,2 linear or branched, saturated, singly ormultiplv 
unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n is 0 to 3. m is 0 to 3 q is 0 to 3 and 
p IS 0 to 3, provided that n+m >1 , n+p S3, nvKj S3, and at least one of Ri and R3 is substituted with a C, or 
larger hydrocarbon as the porogen; 

(d) the fomiula R^(OR%(0(0)CR*)3.^Si.R7-SiR3jO(0)CR5),(OR6)3.„^ where Ri and R3 are independ- 
ently H or C, to C,2 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluor- 
inated hydrocarbon; Ra. R4. RS, rs, and R7 are independently C, to C,2 linear or branched, saturated singly 
or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocaibon, nis0to3,mis0to3qis 
0 to 3 and p is 0 to 3, provided that n«n ^1 , n+p <3. m«, S3, and at least one of Ri. R3 and R? is substituted 
with a C3 or larger hydrocarbon as the porogen; 

(e) the formula (R^(OR2)p(0(0)CR3)4.,^,Si),CH4., where Ri is independently H or to C,, linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon- R2 and 

independently C, to 0,2 linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic 
partially or fully fluorinated hydrocarbon, n is 1 to 3. p is 0 to 3, and t is 2 to 4, provided that n+p S4 and at 
least one of Ri is substituted with a C3 or lai^er hydrocarbon as the porogen- 

(f) the fonnula (R^(OR2)p(0(0)CR3u^„^,Si),NH3, where Ri is independently H or C, to C„ linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon- R2 and 

J! '"^^Pf '^^""y Ci '° C,2 linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic 
partia ly or fully fluorinated hydrocarbon, n is 1 to 3. p Is 0 to 3 and t is 1 to 3, provided that n+p <4 and at least 
one of RI is substituted with a Cg or larger hydrocarbon as the porogen- 

(g) cyclic siloxanes of the formula (OSiR^Rg),, where Ri and R3 are independently H or C. to C,, linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon and x Is 
any integer from 2 to 8. provided that at least one of Ri and R3 Is substituted with a C3 or larger hydrocarbon 
as the porogen; 

(h) cyclic silazanes of the fomiula (NR^SiR^ R3),, where Ri and R3 are independently H or C, to C,, linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon, and x is 
any integer from 2 to 8, provided that at least one of Ri and R3 is substituted with a C3 or larger hydrocarbon 
as the porogen; or 

(i) cyclic carbosilanes of the fomiula (CR,R3SiR,R3),, where Ri and R3 are independently H or C, to C,, 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon 
and X IS any integer from 2 to 8, provided that at least one of Ri and R3 is substituted with a C, or larger 
hydrocarbon as the porogen. ^ ^ 

16. The method of Claim 12, wherein the at least one precursor is a member selected from the group consisting of 
1-n6ohexyl-1.3,5.7-tetramethylcyclotetrasiloxane, 1-neopentyl-1,3,5,7-tetramethylcyclotetrasiloxane. neo- 
pentyldiethoxysilane. neohexyldiethoxysilane, neohexyltriethoxysllane. neopentyltriethoxysilane and neopentyl- 

di-t-Dutoxysilane. 

17. A porous organosilica glass film produced by the method of claim 1 , said film consisting of a single phase of a 
material represented by the fomiula Si,0„C,HyF„ where v+w«+y+z = 100%. v is from 10 to 35 atomic%, w is 
from 10 to 65 atomic%, x is from 5 to 30 atomic%, y is from 10 to 50 atomic% and z is from 0 to 15 atomic% 
wherein the film has pores and a dielectric constant less than 2.6. preferably v is from 20 to 30 atomlc%. w is from 
20 to 45 atomic%. x is from 5 to 25 atomlc%, y is from 15 to 40 atomic% and 2 is 0. 

18. The film of claim 17, wherein 2 is 0.5 to 7 atomic-/, and substantially all F in the porous film is bonded to Si in Si- 
r groups. 

19. The film of claim 17, wherein most of the hydrogen Is bonded to carbon. 

20. Neohexyl-1 ,3,5,7-tetramethyicyclotetrasiloxane. 

21. Trlmethylsllylethyl-1 .3.5,7-tetramethylcyciotetrasiloxane. 

22. A composition comprising 1 .3,6,7-tetramethylcyclotetrasiloxane substituted with a porogen. 
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23. A composition comprising: 

(A) at least one porogenated precursor represented by: 

5 ' (1 ) the fomnula Ri„(OR2)p(0{0)CR3)4.(^pjSI where R1 is independently H or to C^g linear or branched, 

saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; and R^ are 
Independently to 0^2 ^^^^^^ branched, saturated, singly or multiply unsaturated, cyclic, aromatic, 
partially or fully fluorinated hydrocarbon, n is 1 to 3 and p is 0 to 3, provided that n-fp ^4, and that at least 
one of R"" is substituted with a C3 or larger hydrocarbon as the porogen; 

^0 (2) the formula Rin(OR2)p(0(0)CR4)3.^pSi-0-SiR3^(0(0)CR5)q(OR6)3.^^ where Ri and R3 are Inde- 

pendently H or to C^2 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or 
fully fluorinated hydrocarbon; R2, R^, RSand R^are independently to C^g linear or branched, saturated, 
. singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n is 0 to 3, m is 
0 to 3, q is 0 to 3 and p is 0 to 3, provided that n+m ^1 n+p ^, m+q <3, and at least one of R^ and js 
substituted with a C3 or larger hydrocarbon as the porogen; 

(3) the formula R^(0R2)p(0(0)CR^)3.^pSi-SiR3^{O(O)CR5)q(OR6)3.^.q where R1 and R3 are independ- 
ently H or C«, to C^2 li"®^'' branched, saturated, singly or multiply unsaturated, cyclic, partially or fully 
fluorinated hydrocarbon; R2, R^, RS and R^ are independently to C^g 'i^^ear or branched, saturated, 
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarison, n is 0 to 3, m is 

20 0 to 3, q is 0 to 3 and p is 0 to 3, provided that n+m S1 , n+p ^, m+q 53, and at least one of R*" and R^ Is 

substituted with a C3 or larger hydrocarbon as the porogen; 

(4) the formula R^(OR2)p(0(0)CR^)3.^pSi-R7-SiR3^(0(0)CR5)q(OR6)3^.q where R1 and R3 are Inde- 
pendently H or Ci to C^2 ii"®^'' or branched, saturated, singly or multiply unsaturated, cyclic, partially or 
fully fluorinated hydrocarbon; R2, R*, R5, rb^ and R7 are Independently to C^2 li"®^'' branched, 

2^ saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n is 0 

to 3, m is 0 to 3, q is 0 to 3 and p is 0 to 3, provided that n+m ^1 . n+p 53, m+q 53, and at least one of R^-, 
R3 and R^ is substituted with a C3 or larger hydrocarbon as the porogen; 

(5) the fomiula (R^n(OR^p(0(0)CR^)4.(n+p)Si)tCH4^ where Ri Is independently H or to 0^2 linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R2 

^0 and R3 are independently to C^g linear or branched, saturated, singly or multiply unsaturated, cyclic, 

aromatic, partially or fully fluorinated hydrocarbon, n is 1 to 3, p is 0 to 3, and t is 2 to 4, provided that n+p 
54 and at least one of Ri is substituted with a C3 or larger hydrocari^on as the porogen; 

(6) the formula (R^(OR2)p(0(0)CR3)4.(^jSi)tNH3.t where R^ is independently H or to 0^2 linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R2 

^ and R3 are independently to C12 linear or branched, saturated, singly or multiply unsaturated, cyclic, 

^ aromatic, partially or fully fluorinated hydrocari3on,.n is 1 to 3, p Is 0 to 3 and t Is 1 to 3, provided that n+p 
<4 and at least one of R^ Is substituted with a C3 or larger hydrocarbon as the porogen; 

(7) cyclic siloxanes of the fomnula (OSiR^ R3)x, where Ri and R3 are independently H or to 0^2 'i"®^'' 
or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon, 
and X is any integer from 2 to 8, provided that at least one of Ri and R3 is substituted with a C3 or larger 
hydrocarbon as the porogen; 

(8) cyclic silazanes of the fomiula (NR^SiRiRQ)^, where R^ and R3 are independently H or-C^ to 0^2 1'"^^'' 
or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocart^on. 
and X Is any integer from 2 to 8, provided that at least one of Ri and R3 js substituted with a C3 or larger 
hydrocarbon as the porogen; or 

(9) cyclic carijosilanes of the formula (CRiR3SiR^R3)x, where R^ and R3 are Independently H orC^ to C^2 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocar- 
bon, and.x is any integer from 2 to 8, provided that at least one of R^ and R3 is substituted with a C3 or 
larger hydrocari3on as the porogen, or 



50 



(B)(1) at least one precursor selected from the group consisting of: 



(a) the formula R^n(OR^)p(0(0)CR3)4.j^^pjSi where Ri is independently H or to C4 linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R2 Is Independ- 

^5 ently to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or 

fully fluorinated hydrocarbon, R3 Is independently H, to Cg linear or branched, saturated, singly or 
multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarijon, n is 1 to 3 andp is 0 to 3; 

(b) the fomiula RV(OR2)p(0(0)CR4)3.^Si-0-SiR3„(0(0)CR5)q<OR6)3.^ where R^ and R3 are Inde- 
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pendently H or C, to C4 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or 
fully fluonnated hydrocarbon; R2 and RS are independently C, to linear or branched, saturated, singly 
or multiply unsaturated, cyclic, aromatic, partially or fully fluonnated hydrocarbon. R* and RS are inde- 
pendently H. C, to Ce linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic par- 
tially or fully fluorinated hydrocarbon, nls 0 to 3. m is 0 to 3. q is 0 to 3 and p is 0 to 3. provided that' n+m 
^1 n+p ^ and m+q <3; 

(c) the fomiula R VOR2)p(0(0)CR4)3.^pSi-SiR3„(0(0)CR5),(OR6)3.„^ where Ri and R3 are independ- 
. ently H or C, to C4 linear or branched, saturated, singty or multiply unsaturated, cyclic, partially or fully 
fluonnated hydrocarbon; R2and R6 are independently C, to Cg linear or branched, saturated, singV or 
muttiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, R* and R5 are independ- 
, «^ ^° °' ''f^"^^®'^' saturated, singly or multiply unsaturated, cyclic, aromatic, partially 

or fully fluonnated hydrocarbon, n is 0 to 3. m is 0 to 3. q is 0 to 3 and p is 0 to 3. proyided that n+m >1 
n+p <3 and m+q <3; >- _ . 

''^'!;!j°"!\'''^^'f^y^^^ where Ri and R3 are inde- 

pendently H or C, to C4 linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or 
fully fluonnated hydrocarbon; R2, R6 and R7 are Independently to Cg linear or branched saturaL 
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, R* and RS are 
independently H, C, to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic 
partially or fully fluorinated hydrocarton, n is 0 to 3. m is 0 to 3. q is 0 to 3 and p is 0 to 3. provided tha 
n+m ^1 , and n+p <3, and m+q <3; 

(e) the fomiula (R'„(OR2)p(0(0)CR3)4.,^,si),CH4., where Ri is independently H or C, to C. linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon RZ is 
independently C, to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic 
partially or fully fluorinated hydrocarbon, R3 is independently H, to Cg linear or branched, saturated' 
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n is 1 to 3 p isi 
0 to 3, and t is 2 to 4, provided that n+p S4; .k» 
(0 the fomiula (Ri„(OR2)p(0(0)CR3^^;si),NH3., where Ri is independently H or to C, linear or 
branched, saturated, singV or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon- R2 is 
independently C, to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic 
partially or fully fluorinated hydrocarbon, R3 is independently H. to Cg linear or branched, saturated' 
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, n Is 1 to 3 p is 
0 to 3 and t is 1 to 3, provided that n+p <4; 

(g) cyclic siloxanes of the fomiula (OSiR^Rg),, where R1 and R3 are independently H. C, to C., linear or 
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon and 
X may be any integer from 2 to 8; 

(h) cyclic silazanes of the fomiula (NRiSIR^Ra),, where Ri and R3 are Independently H, C, to C^, linear 
or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon 
and X may be any Integer from 2 to 8; and ' ^ 

(I) cyclic carbosilanes of the fomiula (CR.RgSIRiRa),, where Ri and R3 are independently H, C, to a 
linear or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrdo- 
carbon. and x may be any integer from 2 to 8, and 

(B)(2) a porogen distinct from the at least one precursor, said porogen being at least one of: 

(a) at least one cyclic hydrocarbon having a cyclic stmcture and the formula C^H,^, where n is 4 to 14 a 
number of carbons in the cyclic structure is between 4 and 10, and the at least one cyclic hydrocarbon 
optionally contains a plurality of linear or branched hydrocartions substituted onto the cyclic structure- 
b) at east one linear or branched, saturated, singly or multiply unsaturated hydrocarbon of the general 
fomiula CnH(2,„2)-2y where n = 2 - 20 and where y = 0 - n; 

(c) at least one singly or multiply unsaturated cyclic hydrocarbon having a cyclic structure and the formula 
CnH2,v2x. where x is a number of unsaturated sites, n is 4 to 1 4, a number of carbons in the cyclic structure 
IS between 4 and 10, and the at least one singly or multiply unsaturated cyclic hydrocarbon optionally 
contains a plurality of linear or branched hydrocarbons substituents substituted onto the cyclic stmcture 
and contains endocyclic unsaturation or unsaturation on one of the hydrocarbon substituents- 

(d) at least one bicydic hydrocarbon having a bicyclic structure and the fomiula C^Ha^j, where n is 4 to 
14 a number of carbons in the bicyclic structure is from 4 to 1 2, and the at least one bicyclic hydrocarbon 
optionally contains a plurality of linear or branched hydrocarbons substituted onto the bicyclic structure- 

(e) at least one multiply unsaturated bicyclic hydrocarbon having a bicyclic structure and the foimula 
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^n'~l2n-(2+2x)i Where X is a number of unsaturated sites, n is 4 to 14. a number of carbons in;the bicycltc 
structure is from 4 to 1 2, and the at least one multiply unsaturated bicycltc hydrocarbon optionally contains 
a plurality of linear or branched hydrocarbons substituents substituted onto the bicyclic structure, and 
contains endocyclic unsaturation or unsaturation on one of the hydrocarbon substituents; and/or 
5 (f) at least one tricyclic hydrocarbon having a tricyclic structure and the formula CnHgn^, where n is 4 to 

14, a number of carbons in the tricyclic structure is from 4 to 1 2, and the at least one tricyclic hydrocari^on 
optionally contains a plurality of linear or branched hydrocariaons substituted onto the cyclic structure. 

24. The composition of claim 23, wherein the porogen comprises at least one cyclic hydrocariDon having a cyclic 
10 structure and the fomiula C„H2n, where n is 4 to 14, a number of carbons in the cyclic structure is between 4 and 

10, and the at least one cyclic hydrocarbon optionally contains a plurality of linear or branched hydrocarbons 
substituted onto the cyclic structure. 

25. The composition of claim 23, wherein the porogen comprises at least one linear or branched, saturated, singly or 
15 multiply unsaturated hydrocarbons of the general fomiula CnH(2m2)-2y where n = 2 - 20 and where y = 0 - n. 

26. The composition of claim 23, wherein the porogen comprises at least one singly or multiply unsaturated cyclic 
hydrocarbon having a cyclic structure and the formula CnH2n-2x' where x is a number of unsaturated sites, n is 4 
to 14, a number of carisons in the cyclic structure is between 4 and 10, and the at least one singly or multiply 

so unsaturated cyclic hydrocari3on optionally contains a plurality of linear or branched hydrocarbons substituents 

substituted onto the cyclic structure, and contains endocyclic unsaturation or unsaturation on one of the hydrocar- 
bon substituents 



27. The composition of claim 23, wherein the porogen comprises at least one bicyclic hydrocarbon having a bicyclic 
structure and the formula CnH2n-2« where n is 4 to 14, a number of cartDons in the bicyclic structure is from 4 to 12, 
and the at least one bicyclic hydrocarbon optionally contains a plurality of linear or branched hydrocarbons sub- 
stituted onto the bicyclic structure. 



28. The composition of claim 23. wherein the porogen comprises at least one multiply unsaturated bicyclic hydrocari^on 
30 having a bicyclic structure and the formula CnH2n.(2+2x)' where x is a number of unsaturated sites, n is 4 to 14, a 

number of cariDons in the bicyclic structure is from 4 to 12, and the at least one multiply unsaturated bicyclic 
hydrocari^on optionally contains a plurality of simple or branched hydrocarisons substituents substituted onto the 
bicyclic structure, and contains endocyclic unsaturation or unsaturation on one of the hydrocari^on substituents. 

35 29. The composition of claim 23, wherein the porogen comprises at least one tricyclic hydrocarbon having a tricyclic 
structure and the formula CnH2n.4, where n Is 4 to 14, a number of cariDons in the tricyclic structure Is from 4 to 
12, and the at least one tricyclic hydrocarbon optionally contains a plurality of linear or branched hydrocarbons 
substituted onto the cyclic structure. 

40 30. The composition of claim 23(B), wherein the at least one precursor is represented by the formula R''rt(OR2)p{0{0) 
CR3)4,^r^p)Si where R"i is independently H or to C4 linear or branched, saturated, singly or multiply unsaturated, 
cyclic, partially or fully fluorinated hydrocarbon; R2 is independently to Cg linear or branched, saturated, singly 
or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocarbon, R^ is independently H, to Cg 
linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated hydro- 

45 carbon, n is 1 to 3 and p is 0 to 3. 

31 . The composition of claim 23(B), wherein the at least one precursor is represented by the fomiula R'in(OR2)p{0(0) 
CR%n-pSi-0-SIR3^(0(0)CR5)q(OR6)3.^.^, where R^ and R3 are independently H or to C4 linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R^ and R^ are independ- 
50 ently to Cg linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluor- 

inated hydrocariDon, R^ and RS are independently H, to Cg linear or branched, saturated, singly or multiply 
unsaturated, cyclic, aromatic, partially or fully fluorinated hydrocariDon, n is 0 to 3, m is 0 to 3, q is 0 to 3 and p is 
0 to 3, provided that n+m ^1 , n+p <3 and m+q <3. 



55 32. The composition of claim 23(B), wherein the at least one precursor is represented by the fomiula R''n(OR2)p(0{0) 
CR^)3.n-pSi-SiR3m(0(0)CR5)q(OR6)3.n,.q where R^ and R^ are independently H or to C4 linear or branched, 
saturated, singly or multiply unsaturated, cyclic, partially or fully fluorinated hydrocarbon; R^and R^ are independ- 
ently to Ce linear or branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully fluor- 
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u^uTJ^^'^"' ^ ^"'^ independentty H. C, to C, linear or branched, saturated, singly or multiply 

sfltu «t'2f li ^"^ '"^^ ^^^"^(Of^s.m., where R1 and R3 are Independently H or C, to C. linear or branched 

.aluraled, c^. paMlly or Ml, toflnalM hydrecmon; R2 Is Wapantolly d, to C. «™. o, b^oal^^ 
ratod,,,n^,lyo,m.llj*ubsal.™^^ 

»rr3ror3r,t?foT;srn".r''^^^ 



40. A composition comprising: 



(m at least one precu^or selected from the group consisting of diethoxymethylsilane, dimethoxymethyisi- 
Sv.tr '''-»-b"t°'^ethyisilane. methyltriethoxysilane. me hyZeZS^i 

'"««'V'tri-»-b"toxysiiane. dimethyldimethoxysilane. dImefhySSane' 
d^me^hyldHsopropoxysiiane. dimethyldi-t-butoxysilane. 1 .3,5y-tetramethylcydotafrasiioxane octe^^^^^ 

^rX"^nSS^^^^^^ 

(b)(1) at least one precursor selected from the group consisting of trimethylsilane tetramethvlsiiane di 
ethoxymet ylsilane. dimethoxymethylsiiane. ditertiarybutoxymethyisilane. rSSeCXne"^^^^^^^^^^ 
methoxysHane, d.methyldiethoxysilane. methyltriacetoxysilane. methyidiaceto^siiane rnX^o^^^^^^ 
ioxane. tetramethyteyclotetrasiloxane. octamethylcyclotetrasiloxane. dimethyldiaStoSane SnS^^^ 
^'^r'^^lll^'^^^^^ tetraethoxysiiane and triethoxysilane. an^ a po^grdt inc 

Zn! ?' ^'"^ ''^'"9 ^ '"^'^''^^ fr"-" the group wnLng of atoha 

ten,.nene,gamma-terp,nene,limonene.dimethylhexadiene.ethyibenzene.decahydronapZS^^ 
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3-carene, vinylcyclohexene and dimethylcyclooctadiene. 

41 . The method of claim 1 , further comprising treating the preliminary film with at least one p.ost-treating agent selected 
from the group consisting of thermal energy, plasma energy, photon energy, electron energy, microwave energy 
and chemicals, wherein the at least one post-treating agent removes from the preliminary film substantially all of 
the porogen to provide the porous organosllica glass film with pores and a dielectric constant less than 2.6. 

42. The method of claim 41 , wherein the at least one post-treating agent improves a property of the resulting porous 
organosllica glass film before, during and/or after removing substantially all of the porogen from the preliminary film. 

43. The method of claim 42, wherein an additional post-treating agent Improves a property of the resulting porous 
organosllica glass film before, during and/or after the at least one post-treating agent removes substantially all of 
the porogen from the preliminary film. 

44. The method of any of claim 41 - 43, wherein the at least one post-treating agent is electron energy provided by 
an electron beam. 

45. The method of claim 41 , wherein the at least one post-treating agent is a supercritical fluid. 
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